The induction of callus formation in cultured buds of Shamouti orange (Citrus sinensis IL.I Osbeck) by abscisic acid (ABA) is a multiphasic process. (Altman, and Goren 1974 Physiol Plant 32: 55.) A study of the mediation by ethylene on this effect of ABA was undertaken. It was found that: (a) ethylene and (2-chloroethyl) phosphonic acid, as well as ABA, induced callus formation; (b) callus induction is best attained when explants are exposed to ethylene during the 1st day after excision; and (c) ABAinduced callus formation is inhibited by rhizobitoxine analog, an inhibitor of ethylene biosynthesis. It is concluded that the effect of ABA on callus formation is mediated via ethylene.
The first reports (1, 1 1) that ABA may induce callus formation and act not only as a growth inhibitor but also as a growth promoter raised the question as to its possible mode of action in such systems.
In a previous study (2) it was suggested that the ABA-induced callus formation in cultured citrus bud is a multiphasic phenomenon involving at least two stages: (a) activation of certain cells in the abscission zone, at the petiolar stump of the bud explants, by ABA; and (b) subsequent proliferation of the callus tissue, which is dependent on the hormonal balance in the explant. Later it was found (5) that sucrose starvation is also capable of inducing callus formation in cultured buds and that this effect may be mediated via endogenous accumulation of ABA, as known for other systems exposed to stress conditions (9) . Since it is documented that water stress and ABA induce ethylene formation (4, 9) and that ethylene, on the other hand, may induce callus formation in cultured cotton ovules (7), it can be postulated that the above mentioned effect of ABA on callus formation is not a primary one but rather mediated by ethylene formation. In the following we report on experiments which were undertaken to test this hypothesis. For measurements of ethylene evolution, buds (the final fresh weight of which did not exceed 50 mg) were cultured in 20-ml tightly sealed vials, as described above, and under similar conditions. Two ml of air samples were removed by a syringe at the desired time and determined by a Packard gas chromatograph equipped with activated alumina column and a flame ionization detector. In order to compensate for the negative pressure, 2 ml of sterile air were injected into the vials after removal of air samples for ethylene determinations. Ethylene standards were used occasionally for calibration.
MATERIALS AND METHODS

Bud
Fifteen individual bud explants were used for determinations of callus formation whereas five separate vials, each containing 8 to 10 buds, were employed for ethylene evolution measurements. Experiments were repeated two to four times, and data analyzed according to Duncan multiple range test (P = 0.05).
RESULTS
Response to Applied CEPA and Ethylene. A very marked promotion of callus formation by CEPA was found (Table I) . Callus induction by CEPA was more than four times that by ABA, and the two concentrations of CEPA were equally effective when applied at the time of planting. An exposure of explants to CEPA 4 days after planting was less effective but still greater than that of ABA applied at the time of planting. Since CEPA effects result from the release of ethylene in the tissue (12) , the response of buds to various concentrations of exogenously applied ethylene, rather than CEPA, was studied (Fig. 1) . Maximal callus formation was found at 20 pl/l ethylene, but callus induction at higher and lower concentrations was also significantly greater than in control. The timing of bud exposure to ethylene was found to be critical for callus formation (Table II) . The ABA on ethylene evolution was tested are presented in Table III . From the first one it is evident that ABA induced ethylene formation during the initial 24 hr only. When ethylene evolution was measured during the period 72 to 96 hr, no significant differences were found between control and ABA-treated buds. Results of a second set of experiments, in which the effect of ABA on ethylene formation was tested only during the first 24 hr, indicate that the ABA effect is concentration dependent.
The incidence of callus formation was markedly increased by both ABA and ethylene application (Table IV) . The addition of rhizobitoxine analog to the culture medium significantly inhibited the ABA-induced callus formation but not that of ethylene. The slight callus formation on control basal medium was not affected by the presence of rhizobitoxine. The above results were supported by further experiments in which the fresh weight of the isolated callus, rather than the entire explant, was determined in the presence and absence of rhizobitoxine (Table V) .
DISCUSSION
The present study clearly shows that ethylene can induce callus formation in cultured citrus bud (Table I and Fig. 1 ) as was also reported previously in cotton ovules (7) . Also, our data indicate (Tables IV and V) that rhizobitoxine, which is well accepted as an inhibitor of ethylene formation (6, 8, 10) inhibited the ABAinduced callus formation. In addition it was shown (Table III) that ABA promoted the formation of ethylene, as known in other systems (9) . Based on several lines of evidence (1) (2) (3) 5 ) and the (1, 2) or ethylene (present study), by sugar starvation (5) and, to a certain extent, by wounding (as evidenced by the controls). The subsequent proliferation of the callus is dependent on the hormonal balance of the explant, it can be promoted by the addition of GA to the medium (2) , and suppressed by high sugar levels (5) . The possibility that the promotive effects of both ABA and sugar starvation are mediated via endogenous formation is supported by the present findings that: (a) ethylene and CEPA, as well as ABA induce callus formation; (b) that this induction is best attained when the explants are exposed to ethylene during the 1st day after excision; and (c) that ABAinduced callus formation is inhibited by rhizobitoxine.
